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® Apparatus for the discontinuous production of tubular structures or structures obtainable from tubular structures. 

@ A new apparatus "is described for the discontinuous pro- 
duction of tubular structures at least partly constituted by ther- 
mosetting synthetic resins, characterised by a collapsable 
cantilever-mounted rotating mandrel of thermosetting syn- 
thetic resin in the form of a single-layer, multi-layer or cellular 
structure, on which the required tubular structure Is formed as 
a single-layer, multi-layer or cellular structure. 

Trie method for forming the new collapsable synthetic 
resin mandrel is also described. 
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APPARATUS FOR THE DISCONTINUOUS PRODUCTION OF TUBULAR STRUCTURES* 
OR STRUCTURES OBTAINABLE FROM TUBULAR STRUCTURES 

This invention relates to an apparatus for the discontinuous pro- 
5 duction of tubular structures or structures obtainable from tubular 
structures, by forming them on a cantilever-mounted, collapsable 
rotatable mandrel of single-layer, multi-layer or cellular-structured 
thermosetting synthetic resin* 

10 The invention also relates to the method for forming the collapsable 
mandrel which characterises the new apparatus according to the 
invention. 

Thermosetting resins such as polyester, epoxy, phenolic, urea and 
15 similar resins are known to have attained physical, chemical and 

mechanical characteristics (especially when reinforced with suitable 
materials) such as to compete with steel in very wide sectors of 
application such as the nautical, aeronautical, missile, building, 
automobile and other sectors. 

20 

In particular, in the case of piping of any type and diameter, 
thermosetting resin pipes gain about IX of the world market relative 
to steel pipes every year because of their resistance to chemical 
agents, to atmospheric corrosion, to stray currents and to ageing, 
25 together with a lightness and economy which cannot be attained 
either with common steels or special steels. 

Many methods have been proposed up to the present time for producing 
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thermosetting resin tubes by extrusion on a steel mandrel or by 
centrifuging in moulds for forming the required shape 9 the reinforce- 
ment elements being introduced by various methods ranging from 
extruding or centrifuging the resin together with the reinforcement 
5 materials in the form of shavings or cut fibres, to the formation 
of "windings" with continuous or woven fibres. 

Hone of these known processes can be considered the ideal solution 
in terms* of perfection of the manufactured article obtained, process 
10 economy, or the investment required* 

In particular, previous patents of the present applicant (Italian 
patent 913,251, 936,537 and 967,401) describe processes for 
producing original cellular structures comprising a support layer 

15 and a covering layer of reinforced thermosetting resins, together 

with an Intermediate layer of variously structured expanded material. . 
In the specific case of the discontinuous production of tubes charac- 
terised by the described cellular structure, the structure was 
formed on rotating steel mandrels on which the various scheduled 

20 layers were successively applied and worked. 

In practice, notwithstanding the validity of the structure produced, 
the production method proved inadequate for large-scale industrial 
production, both because of the complexity and cost of the equipment 
25 comprising steel mandrels, especially if of large diameter, and 

because of the impossibility of constructing steel mandrels totally 
free from surface imperfections, which obviously affect the finished 
articles, productivity and resultant scrap. 

30 The applicant has now conceived the subject of the present Invention, 
namely a new apparatus for the discontinuous production of tubular 
structures in single-layer, multi-layer, sandwich or cellular 
thermosetting resins, which requires very low investment, allows 
perfect production of tubes of any size and suitable for any requlre- 

35 ment, can be completely automated, and can therefore be considered 
the solution to all current problems in this field. 
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The apparatus according to the invention is characterised by compri- 
sing a collapsable, rotary forming mandrel, constituted by or 
comprising one or more layers of possibly reinforced thermosetting 
synthetic resin, producing an extremely light mandrel which in 
5 comparison with known steel mandrels means that the entire load- 
bearing structures of the apparatus can be lightened and made much 
less costly, and which can be of cantilever-mounted construction 
thus simplifying and accelerating the removal of the finished tubes 
whatever their size, and which moreover can be produced with a surface 
10 totally free from imperfections, to allow the production of likewise 
perfect articles. 

The new mandrel which characterises the apparatus according to the 
present invention is produced by the method described hereinafter in 
15 detail with reference to the accompanying drawings, which diagramma- 
tical ly show the apparatus used. 

The drive part comprises a suitable frame and a support plate which 
is made to rotate rigid with the entire mandrel by means of two 

20 wheels on which it rests, and is provided with circumferential holes 
to enable mandrels of various diameters, varying for example from . 
300 to 1200 mm, to be mounted, the mandrel being constructed as 
follows (with particular reference to Figures 1 and 2): 
a tube or a tubular lattice element 1 is constructed, properly 

25 calculated to resist, when cantilever-mounted, its own weight and 

the overlying weights of the collapsable structure plus the programmed 
weight of the most heavy piece to be formed. A connection plate 2 
with the relative holes for its connection by bolts 3 to the rotating 
base plate 4 is fitted to one end. The fixed ribbing is formed 

30 from longitudinal C iron elements 5. A series of mobile circum- 
ferential hoop segments is formed from 1 — ~ 4 iron elements 6, with 
relative hinges 7 connected to the longitudinal ribbing (for example 
every 1.50 m) and at a distance from the outer wall of the tube 
or tubular base element 1 to allow modest collapsing (for example 

35 usually 3Z of the diameter of the finished mandrel), and with the 

flanges of the iron element 6 at approximately 3 mm from the diameter 
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of the finished mandrel* A sheet of resin 8 of about IS tenths 

a ran thick and reinforced with glass fibres is applied below the hinge 

segments over the entire length of the tube, to form the inner 
layer of the two mobile sectors of the mandrel, it being joined to the 
5 hinge segments and to the longitudinal ribbing by cementing with 
resin and glass fibres. 

The simple devices 9 for collapsing the mandrel are positioned on 
some or all of the hinge segments (according to the mandrel diameter) • 

10 

The mandrel, now mechanically finished, is placed on the base support 
plate of the drive part, is fixed by bolts through the holes provided, 
and is rotated at a determined peripheral speed. 

15 the machine for forming the expanded material is placed on the 

carriage, then with a calculated movement said expanded material 
is deposited at a density of about 80 kg/m 9 over the entire surface 
10 to the required height. A cutter is used to remove the excess 
part with perfect trimming, and if necessary circumferential rein- 

20 forcements are placed In appropriate grooves. With the laminating 
machine positioned on the carriage, a sheet 11 having a thickness of 
about 3 ran such as to attain the final outer diameter of the mandrel 
is applied, taking the precaution of wrapping it during its construc- 
tion with a band of mylar or cellophane in order to make it completely 

25 smooth. The three separation lines required for properly collapsing 
the mandrel are formed by simply laying a separator along the longi- 
tudinal iron elements 5 and along the central cut. 

The resins used for the mandrel must resist the stresses deriving 
30 from the temperatures necessary for forming the pieces to be produced. 

During the construction of the articles, the end of the mandrel, 
whatever its diameter, always rests on a stand which is withdrawn 
only on removing the finished piece. 

35 



The collapsing mechanism for the cylindrical frame comprises (see 
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in particular Figure 2): the levers 9, possibly connected to a 
hydraulic circuit which operates them in such a manner as to rotate 
the two mobile parts 6 of the frame about the hinges 7 so that they 
partially overlap along the slot 13, consequently reducing the frame 
5 diameter* 

The materials and devices for forming the new mandrel according to 
the invention are disposed (with particular reference to Figure 3) 
on a carriage 14 mobile on rails 15 disposed parallel to the axis 
10 of the rotating frame. 

The forming system (see Figures 3 and 4) is constituted essentially 
by: a braking reel holder 16 for the reel of separation film 27 
which wraps the finished mandrel; a device 17 for spraying synthetic 

15 resin in solution; a device 18 for spraying thermosetting synthetic 
resin simultaneously with cut synthetic fibres; a device 19 for 
the application of dry continuous reinforcement fibres by winding; 
a roller device 20; a device 21 for spraying resin to be expanded; 
a cutter 22 for trimming the expanded material* complete with 

20 aspirator; a device 23 for forming the grooves in the expanded 

material; a device 29 for inserting resin-impregnated rovings into 
the grooves formed in the expanded material; and a second set of 
devices equivalent to the devices 18, 19, 20 for applying a second 
layer of reinforced thermosetting resin and a surface resin covering* 

25 

The reference numerals 24, 25, 26 indicate possible heat sources for 
accelerating the resin setting* 

These devices provided on the mobile carriage are used either wholly 
30 or partly according to the particular structure to be given to the 
mandrel. 

Obviously all the aforesaid operations, or a part of them, together 
with other secondary operations comprising forming a pre-coating, 
35 rolling, smoothing, finishing and the like, are carried out "in 
succession" on every point of the rotating mandrel, or rather on 
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all the points thereof lying on the same circumference, while along 
the mandrel axis other operations are simultaneously carried out, 
corresponding to different stages of advancement in the construction 
of the mandrel. 

5 

The same devices and same materials disposed on the mobile carriage 
can be used for forming single-layer, multi-layer, sandwich or 
cellular-structured cylindrical articles on the new mandrel construc- 
ted as heretofore described. 

10 

In producing the articles (as in the case of the construction of the 
mandrels), the thermosetting resins preferably used for the two 
outer layers and for the internal reinforcement ribs are chosen from 
the group consisting of polyester, epoxy and phenolic resins. 

15 

The reinforcement fibres, whether cut or in the form of bands, can 
be conveniently glass, carbon, nylon, sisal or similar and equivalent 
fibres. 

20 The expanded resins for forming the intermediate layer are preferably 
resins of low-density, for example about 50-100 kg/m*. 

Polyurethane resins satisfy the said requirements. 

25 As stated heretofore, the collapsable mandrel has enormous advantages 
over the steel mandrels used up to the present time in the production 
of single-layer, multi-layer or cellular synthetic resin tubular 
structures, in particular in accordance with the aforesaid previous 
patents of the present applicant, such as to enable structures of 

30 the type constructed up to the present time in an expensive and thus 
limited manner, although of excellent and unique characteristics, 
to be constructed much more economically. 

In particular, the new mandrel is characterised by considerable 
35 lightness (weight 30-60Z less than the steel mandrels used up to 

the present time), which allows considerable lightening of the fixed 
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structure 9 a considerable reduction in the power of the motorised 
parts 9 and a much lighter construction of the part to be collapsed. 
Moreover, because of their lightness, the mandrels can in all cases' 
be cantilever-mounted whatever the length and/or diameter of the 
tubes to be constructed, again with considerable saving in the fixed 
load-bearing structures. 

Finally, in contrast to steel mandrels, the new mandrel does not 
disperse heat, which means that the forming operations with thermo- 
setting resins or expanded polymers which are carried out on it are 
done much more rapidly. 

The discontinuous forming of the tubular structures on the new 
mandrel is done by advancing the carriage 14 along the rails 15 
parallel to the axis of the rotating mandrel. Any type of required 
structure can be formed on It by operating all or part of the devices, 
and using all or part of the materials arranged on the carriage. 

Each of the layers making up the produced article can be either of 
constant or variable thickness, the term "variable thickness" 
signifying the possibility of creating reinforcement ribs by applying 
greater thicknesses of resin and/or reinforcement fibres. 

To form layers of constant thickness, the following conditions must 
be satisfied: 

a) constant flow rate of applied materials 

b) constant angle of Incidence of said materials 

c) constant distance between the point of delivery of the materials 
and the point at which they become deposited 

d) constant instantaneous relative peripheral speed of the point 
at which the deposition occurs. 

If layers of variable thickness are to be formed, one or more of the 
aforesaid parameters must be varied, or the carriage halted for a 
certain time without stopping the mandrel and without varying the 
flow rate of the applied materials. 
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When forming is complete , the mandrel collapse mechanism is operated 
and the produced tube is withdrawn. 

The new apparatus comprising the new mandrel allows substantial 
5 improvement in the production for example of tubes for conveying 
fluids, tank shells for tankers , silos, sump pits, cylindrical 
members for transporting fluids on the surface or underground, 
freezers, containers, cylinders for home use, or caravans, with the 
most varied characteristics; and also in the production of articles 
10 obtained by cutting tubular structures, such as irrigation channels, 
covers, curved walls and numerous others* 
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PATENT CLAIMS 

1* An apparatus for the discontinuous production of tubular 

structures, at least partly constituted by possibly reinforced, 
single-layer, multi-layer, sandwich or cellular-structured synthetic 
thermosetting resins, characterised by comprising a collapsible 
cantilever-mounted mandrel of thermosetting synthetic resin and 
driven with rotary motion, and constituted essentially by an inner 
layer of thermosetting resin, possibly reinforced, an intermediate 
layer of expanded resin, possibly reinforced with reinforcement ribs 
inserted into the expanded material, and an outer layer of thermo- 
setting resin, possibly reinforced. 

2. An apparatus as claimed in claim 1, wherein the thermosetting 
resin constituting the inner layer, the outer layer and the reinforce- 
ment ribs of the mandrel is chosen from the group consisting of 
polyester, epoxy, urea and phenolic resins. 

3. An apparatus as claimed in claim 1, wherein the thermosetting 
resin is reinforced with glass, carbon, nylon or vegetable fibres. 

4. An apparatus as claimed in claim 1 wherein the intermediate 
layer in the constituent cellular structure of the mandrel is of 
expanded polyur ethane. 

5. An apparatus as claimed in claim 1, wherein the mandrel is 
constructed on a collapsable support frame, and the synthetic resin 
covering is divided longitudinally into three parts by three cuts, 
two along the generating lines which follow the hinges of the support 
frame, and one along the generating line corresponding to the opening 
of the collapsible frame* 

6* A method for forming a collapsible cantilever-mounted mandrel 

of cellular structure in synthetic resin, characterised in that on 
a collapsable support frame there is applied a layer of possibly 
reinforced thermosetting synthetic resin, which is hardened by 
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heating, on this there being applied a layer of expanded material 
which is formed by heating, is perfectly smoothed and possibly 
grooved by milling, and finally covered with a further layer of 
possibly reinforced thermosetting resin, which is hardened by heating, 
the cylindrical structure thus formed being cut by inserting a 
separator along three generating lines, two corresponding with the 
hinges of the support frame and a third corresponding to the 
collapsing opening of the frame and thus of the mandrel. 

7 # a method as claimed in claim 6, wherein the mandrel is 

wrapped in a separation film of artificial or synthetic resin, or 
metal* 

8* A method as cl aime d in claim 6, wherein the thermosetting 

resin used is chosen from the group consisting of polyester, epoxy, 
urea and phenolic resins, reinforced with glass, carbon, nylon or 
vegetable fibres. 

9. A method as claimed in claim 6, wherein the expanded material 
layer is formed from polyurethane resin. 

10. A method as claimed in claim 6, wherein the expanded material 
layer is grooved, and into the grooves there are inserted reinforce- 
ment ribs constituted by thermosetting resins reinforced with cut 
fibres, or by bands of reinforcement fibres possibly impregnated 
with thermosetting resins. 

11. A partly or totally automated mechanised method for the 
discontinuous forming of tubular structures or structures obtainable 
from tubular structures, constructed of single-layer, multi-layer, 
sandwich or cellular-structured synthetic resins, characterised in 
that the successive layers are formed concentrically on a collapsible 
cantilever-mounted rotatable mandrel of thermosetting synthetic 
resin in the form of a single layer possibly reinforced with ribs, 

or in the form of a cellular structure constituted essentially by 
two outer layers of reinforced thermosetting synthetic resin and 
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an intermediate layer of expanded synthetic material, possibly 
reinforced with reinforcement ribs inserted into suitable grooves 
formed in the expanded material. 

5 12. A method as claimed in claim 11, wherein the reinforcement 

ribs inserted into the grooves formed in the expanded material are 
formed by applying thermosetting synthetic resin containing cut 
synthetic fibres, and simultaneously winding dry continuous rein- 
forcement fibres which are suitably calculated and spaced apart. 

0 

13. Tubular articles when obtained by the apparatus as claimed 

in claims 1 to 5. 




FIG 2 

13 
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